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A solid polymer electrolyte, a lithium battery employing the 
same, and methods of forming the electrolyte and the lithium 
battery. The polymer electrolyte includes polyester (meth 
)acrylate having a polyester polyol moiety having three or 
more hydroxide (—OH) groups, at least one hydroxde group 
being substituted by a (meth)acrylic ester group and at least 
one hydroxide group being substituted by a radical non 
reactive group, or its polymer, a peroxide having 6 to 40 
carbon atoms, and an electrolytic solution including a 
lithium salt and an organic solvent. 
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POLYMER ELECTROLYTE AND LITHIUM 
BATTERY EMPLOYING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of Korean 
Application No. 02-8303, ?led Feb. 16, 2002, in the Korean 
Intellectual Property Office, the disclosure of Which is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a polymer electro 
lyte and a lithium battery employing the same, and more 
particularly, to a polymer electrolyte having good uniformity 
of an anode surface and an improved decomposition sup 
pressing effect of an electrolytic solution at an anode surface 
by forming a lithium carbonate coating on the anode surface, 
and a lithium battery having good charging/discharging 
ef?ciency, an improved sWelling suppressing effect and a 
good loW-temperature characteristic by employing the poly 
mer electrolyte. 

[0004] 2. Description of the Related Art 

[0005] Lithium secondary batteries using liquid electro 
lytic solutions use an organic solvent having a loW boiling 
point in order to enhance loW-temperature performance. 
HoWever, use of a loW-boiling point organic solvent may 
give rise to swelling of an electrode assembly or case, if such 
a battery is alloWed to stand at high temperature, resulting in 
deterioration of reliability and safety of a battery under a 
high temperature condition. 

[0006] To overcome these problems, a method of using 
solid polymer electrolytes has been proposed. Using solid 
polymer electrolytes reduces danger of leakage of an elec 
trolytic solution, thereby improving safety of a battery, 
unlike in the case of using liquid electrolytes. 

[0007] HoWever, using solid polymer electrolytic solu 
tions decreases ionic conductivity compared to the case of 
using liquid electrolytes. Thus, in order to practically use 
solid polymer electrolytes in lithium secondary batteries, 
research must focus on solid polymer electrolytes having 
high ionic conductivity and good electrochemical stability. 

[0008] Linear polymers or crosslinkable polymers of 
homopolymers or copolymers basically having ethylene 
oxide are mostly used as monomers of ionically conductive 
polymers for forming the solid polymer electrolytes. 

[0009] HoWever, the polymers formed from such mono 
mers are susceptible to crystalliZation so that their charac 
teristics at loW temperature are poor. Also, since ethylene 
oxide has strong affinity to an electrolytic solution, the 
polymers may move With the electrolytic solution by inter 
action betWeen the electrolytic solution and the polymer 
chains, deteriorating mobility of lithium ions. 

SUMMARY OF THE INVENTION 

[0010] To solve the above and other problems, it is an 
object of the present invention to provide a polymer elec 
trolyte having high conductivity, good electrochemical sta 
bility, improved mobility of lithium ions, reduced gas gen 
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eration during initial charge, a longer lifetime and a greater 
stability in sWelling characteristics When a lithium battery is 
alloWed to stand at higher temperature, and a manufacturing 
method thereof. 

[0011] It is another object of the present invention to 
provide a lithium battery having an improved sWelling 
suppressing effect over time, and, in particular, a high-rate 
discharging characteristic by using the polymer electrolyte. 

[0012] To accomplish the above and other objects of the 
present invention, a polymer electrolyte according to an 
embodiment of the invention includes a polymer electrolyte 
including polyester (meth)acrylate having a polyester polyol 
moiety having three or more hydroxide (—OH) groups, at 
least one hydroxde group being substituted by a (meth 
)acrylic ester group and at least one hydroxide group being 
substituted by a radical non-reactive group, or its polymer; 
a peroxide having 6 to 40 carbon atoms; and an electrolytic 
solution including a lithium salt and an organic solvent. 

[0013] According to an aspect of the invention, the radi 
cally non-reactive group includes an aliphatic hydrocarbon 
group having 1 to 20 carbon atoms, an aromatic hydrocarbon 
group having 5 to 20 carbon atoms, an ether group having 
1 to 20 carbon atoms and an ester group having 1 to 20 
carbon atoms. Preferably, the radical non-reactive group is 
represented by the general formula —OC(=O)R‘n, 
—OC(=O)RmOR‘n, —O(C=O)RmOC(=O)R‘n(Here, m 
and n are indepedently integers in the range 1 to 20, R is 
(halogenated) alkylene group, (halogenated) arylene group, 
(halogenated) alkylarylene group or (halogenated) aralky 
lene group, and R‘ is a (halogenated) alkyl group, (haloge 
nated) aryl group, (halogenated) alkylaryl group or (halo 
genated) aralkyl group. 

[0014] The (meth)acrylic ester group substituted to the 
polyester polyol is preferably represented by the general 
formula —OC(=O)RDOC(=O)CH=CH2 or 
—OC(=O)RHOC(=O)C(CH3)=CH2 or 
—OC(=O)RHCH=CH2 (n is an integer in the range of 1 to 
20). 
[0015] The molar ratio of the (meth)acrylic ester group to 
the radical non-reactive group is preferably 110.01 to 1:100. 

[0016] In preparing the polymer, a peroxide having 6 to 40 
carbon atoms is used as a polymeriZation initiator. Examples 
of the peroxide include at least one selected from the group 
consisting of isobutyl peroxide, lauroyl peroxide, benZoyl 
peroxide, m-toluoyl peroxide, t-butyl peroxy-2-ethylhex 
anoate, t-butylperoxybivalerate, t-butyloxyneodecanate, 
diisopropyl peroxy dicarbonate, diethoxy peroxy dicarbon 
ate, bis(4-t-butylcyclohexyl) peroxydicarbonate, dimethoxy 
isopropyl peroxy dicarbonate, dicyclohexylperoxy dicar 
bonate and 3,3,5-trimethylhexanoyl peroxide, preferably 
lauroyl peroxide or benZoyl peroxide. 

[0017] The content of the peroxide is preferably in the 
range of 0.3 to 5 parts by Weight, based on 100 parts by 
Weight of the polyester (meth)acrylate or its polymer. 

[0018] The polyester polyol is preferably at least one 
selected from the group consisting of trialkylol selected 
from trimethylol, triethylol and tripropylol, glycerols, and 
erythritol selected from pentaerythritol and dipentaerythri 
tol. 
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[0019] Preferably, a mixing ratio by Weight of the poly 
ester (meth)acrylate or its polymer to the electrolytic solu 
tion is about 1:2 to 1:35. 

[0020] The lithium salt is preferably at least one selected 
from the group consisting of LiPF6, LiBF4, LiSbF6, LiAsF6, 
LiClO4, LiCF3SO3, Li(CF3SO2)2N, LiC4F9SO3, LiAlCl4, 
LiN(CXF2X+1SO2)(CyF2y+1SO2) (X and y are independently 
a natural number), LiCl, and Lil. 

[0021] The organic solvent is preferably at least one 
selected from the group consisting of ethylene carbonate, 
diethyl carbonate, y-butyrolactone, propylene carbonate, 
dimethyl carbonate, methylethyl carbonate, diethyl carbon 
ate, vinylene carbonate, butylenes carbonate, benZonitrile, 
acetonitrile, tetrahydrofuran, 2-methylhydrofuran, diox 
olane, 4-methyldioxolane, N,N-dimethylformamide, dim 
ethylacetamide, dimethyl sulfoxide, 1,2-dimethoxy ethane, 
sulfolane, dichloroethane, chlorobenZene, nitrobenZene, 
methylpropyl carbonate, methylisopropyl carbonate, ethyl 
butyl carbonate, dipropyl carbonate, diisopropyl carbonate, 
dibutyl carbonate, diethylenegylcol, and dimethyl ether. 

[0022] The polymer electrolyte may further include at 
least one ?orinated aromatic hydrocarbon compound. The 
?uorinated aromatic hydrocarbon compound includes 
2-?uorotoluene, 3-?uorotoluene, 4-?uorotoluene, 2-?uo 
robenZene, 3-?uorobenZene and 4-?uorobenZene. 

[0023] According to another embodiment of the present 
invention, a method of preparing the polymer electrolyte is 
provided including the operations of: (a-1) mixing polyester 
(meth)acrylate having a polyester polyol moiety having 
three or more hydroxide (—OH) groups, at least one hydrox 
ide group being substituted by a (meth)acrylic ester group 
and at least one hydroxide group being substituted by a 
radical non-reactive group, a peroxide having 6 to 40 carbon 
atoms, and an electrolytic solution including a lithium salt 
and an organic solvent, to form a solid polymer electrolyte 
composition; and (b-1) coating the composition on a support 
substrate and stripping a coating from the support substrate. 

[0024] According to another aspect of the invention, heat 
treatment or UV radiation operations can be used after 
coating the composition on the support substrate. 

[0025] According to still another embodiment, the present 
invention includes a lithium battery With a cathode, an 
anode, and the polymer electrolyte interposed betWeen the 
cathode and the anode. 

[0026] According to yet another embodiment of the 
present invention, a method of manufacturing a lithium 
battery is provided, including the operations of: (a-2) mixing 
polyester (meth)acrylate having a polyester polyol moiety 
having three or more hydroxide (—OH) groups, at least one 
hydroxide group being substituted by a (meth)acrylic ester 
group and at least one hydroxide group being substituted by 
a radical non-reactive group, a peroxide having 6 to 40 
carbon atoms, and an electrolytic solution including a 
lithium salt and an organic solvent, to form a solid polymer 
electrolyte composition; (b-2) obtaining a polymer electro 
lyte by coating the composition on a support substrate and 
stripping a coating from the support substrate, and (c-2) 
injecting the polymer electrolyte betWeen the cathode and 
the anode to form an electrode assembly and putting the 
electrode assembly into a battery case. 
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[0027] According to another aspect of the invention, after 
coating the composition on the support substrate, the coating 
can be subjected to heat treatment or UV radiation. Here, the 
heat treatment can occur in operations (b-2) and (c-2), and 
at a temperature from about 25 to about 110° C. 

[0028] According to a further embodiment of the present 
invention, a method of manufacturing a lithium battery 
includes the operations of: (a-3) mixing polyester (meth 
)acrylate having a polyester polyol moiety having three or 
more hydroxide (—OH) groups, at least one hydroxide 
group being substituted by a (meth)acrylic ester group and 
at least one hydroxide group being substituted by a radical 
non-reactive group, a peroxide having 6 to 40 carbon atoms, 
and an electrolytic solution including a lithium salt and an 
organic solvent, to form a solid polymer electrolyte com 
position; (b-3) interposing a separator betWeen the cathode 
and the anode to form an electrode assembly and putting the 
same into a battery case; and (c-3) injecting the polymer 
electrolyte composition into the resultant product of step 
(b-3). 
[0029] According to another aspect of the invention, the 
operation (c-3) may further include subjecting the compo 
sition to heat treatment or UV radiation after injecting the 
composition. Here, the heat treatment is preferably per 
formed at a temperature in a range at or betWeen 25 and 110° 
C. Also, the lithium battery may further include a separator 
betWeen the cathode and the anode. The separator is pref 
erably a single-layered structure or a multi-layered structure 
of at least one selected from polyethylene and polypropy 
lene. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] These and other objects and advantages of the 
invention Will become apparent and more readily appreci 
ated from the folloWing description of the embodiments, 
taken in conjunction With the accompanying draWings of 
Which: 

[0031] FIG. 1 shoWs a lithium battery according to an 
embodiment of the present invention; 

[0032] FIG. 2 is a graph shoWing initial charge and 
discharge capacity in lithium secondary batteries according 
to Example 1 of the present invention and Comparative 
Example 1; and 

[0033] FIG. 3 shoWs changes in rate dependent discharge 
capacity in lithium secondary batteries according to 
Example 1 of the present invention and Comparative 
Example 1. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0034] Reference Will noW be made in detail to the 
embodiments of the present invention. 

[0035] A polymer electrolyte according to the present 
invention includes (1) polyester (meth)acrylate having a 
polyester polyol moiety having three or more hydroxide 
(—OH) groups, at least one hydroxde group being substi 
tuted by a (meth)acrylic ester group and at least one hydrox 
ide group being substituted by a radical non-reactive group, 
or its polymer, (2) an organic peroxide having 6 to 40 carbon 
atoms, and (3) an electrolytic solution including a lithium 
salt and an organic solvent. 
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[0036] The polyester (meth)acrylate of the present inven 
tion is obtained from polyester polyol having three or more 
hydroxide groups. If polyester (meth)acrylate modi?ed from 
polyester polyol having not greater than tWo hydroxide 
groups is used as a monomer for forming a gel-type polymer 
electrolyte, a physically dense, viscous electrolyte is formed, 
loWering mobility of lithium ions, Which adversely affect 
high-rate characteristic and lifetime characteristic of a bat 
tery. If a compound With all of the hydroxide groups of 
polyester polyol being substituted by (meth)acrylic ester is 
used as a monomer for forming a gel-type polymer electro 
lyte, gelation is impeded by steric hindrance so that unre 
acted (meth)acrylic acid or its derivative remains in a ?nal 
polymer electrolyte. Here, the (meth) acrylic acid or its 
derivative is used to convert hydroxide groups of polyester 
polyol into (meth)acrylic ester. Since the unreacted (meth 
)acrylic acid or its derivative remaining in the polymer 
electrolyte is highly reactive, it may cause deterioration of 
loW-temperature, high-rate discharging and lifetime charac 
teristics of a lithium battery. 

[0037] In the present invention, some hydroxide groups of 
polyester polyol having three or more hydroxide groups are 
substituted by (meth)acrylic esters and unsubstituted 
hydroxide groups are substituted by a radical non-reactive 
group to form a polyester (meth)acrylate or its polymer. 

[0038] The polyester polyols having three or more hydrox 
ide groups useful for preparing polyester (meth)acrylate of 
the invention can be synthesiZed by any methods and can 
also be any commercially available product. Examples of 
the polyester polyols having three or more hydroxide groups 
include, but are not limited to, trialkylols such as trimethy 
lol, triethylol or tripropylol, glycerols, erythritols such as 
pentaerythritol or dipentaerythritol, and the like. 

[0039] Some or all of the hydroxide groups of polyester 
polyol can be substituted by (meth)acrylic ester by general 
esteri?cation. For example, polyester polyol and (meth 
)acrylic acid or its derivative (e.g., halogenated (meth 
)acrylic acid) (to be abbreviated as “MA”) can be conden 
sation-polymeriZed in the presence of a base catalyst or an 
acid catalyst. 

[0040] In the above-noted methods, the content of MA is 
varied according to the mole number of hydroxy group of 
polyester polyol. According to an embodiment of the present 
invention, 0.1 to 10 moles MA is preferably used based on 
1 mol hydroxy group of polyester polyol. More preferably, 
approximately 1 mol MA is used With respect to 1 mol 
hydroxy group of polyester polyol. 

[0041] The performance of a polymer electrolyte can be 
desirably improved by adjusting terminal functional groups 
of compounds for forming the polymer electrolyte. The 
performance of a polymer electrolyte can be determined by 
a molar ratio of MA used When it reacts With polyester 
polyol to substitute a polyester polyol terminal by (meth 
)acrylic ester, to a compound (to be abbreviated as “RX”) 
used When it reacts With polyester polyol to a polyester 
polyol terminal by a radical non-reactive group. The com 
pound is exempli?ed by a carbonyl compound containing an 
aliphatic hydrocarbon group having 1 to 20 carbon atoms, an 
aromatic hydrocarbon group having 5 to 20 carbon atoms, an 
ether group having 1 to 20 carbon atoms or an ester group 
having 1 to 20 carbon atoms, or a halogenated compound 
containing an aliphatic hydrocarbon group having 1 to 20 
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carbon atoms, an aromatic hydrocarbon group having 5 to 20 
carbon atoms, an ether group having 1 to 20 carbon atoms 
or an ester group having 1 to 20 carbon atoms. 

[0042] The molar ratio of MA to RX is preferably in the 
range of 1:0.01 to 1:100, more preferably 110.5 to 1:3. If the 
RX content is less than the above range, all terminals of 
polyester polyol are undesirably substituted by (meth 
)acrylic ester groups. If the content of RX exceeds the above 
range, reacting (meth)acrylic ester groups are too small to 
form a desired polymer electrolyte. 

[0043] Usable basic catalysts for use in esteri?cation of 
polyester polyol according to the present invention include 
organic salts such as triethylamine, pyridine or dimethy 
laminepyridine, and inorganic salts such as lithium carbon 
ate, potassium carbonate, lithium hydroxide or sodium 
hydroxide. Here, the basic catalyst is preferably used in an 
amount of 0.0001 to 0.01 parts by Weight based on 1 part by 
Weight of the overall reaction solvent. Usable examples of 
the acid catalyst used in esteri?cation of polyester polyol 
according to the present invention include sulfuric acid, 
hydrochloric acid and phosphoric acid, and the amount used 
is the same as that of the basic catalyst. 

[0044] The molecular structure of polyester polyol used in 
esteri?cation can be modi?ed by open-ring polymeriZation 
With a lactone compound. The modi?ed structure of the 
polyester polyol polymeriZed With a lactone compound can 
adjust the length of alkyl group With hydroxy group func 
tioning as a reacting group in the molecular backbone, 
thereby effectively changing physical properties of a poly 
mer electrolyte. 

[0045] Examples of the lactone compound include e-ca 
prolactone and y-caprolactone, and can be used in any molar 
ratio With respect to the mole number of hydroxy groups of 
polyester polyol. HoWever, in vieW of solubility and mol 
ecule siZe of lactone substituted polyester polyol, the lactone 
compound is preferably used in an amount of less than or 
equal to 10 mol, speci?cally 0.01 to 10 moles, based on 1 
mol hydroxide group of polyester polyol. 

[0046] Usable catalysts for promoting the open-ring poly 
meriZation include organic titan compounds, organic tin 
compounds and organic carboxylic acid metal salts of vari 
ous metals. An example of the organic titan compounds is 
tetrapropyl titanate. 

[0047] The catalyst is preferably in an amount of 0.001 to 
0.5 parts by Weight based on 1 part by Weight of the lactone 
compound. If the content of the catalyst is not in the above 
range, the deviation undesirably gives rise to poor reactivity 
of open-ring polymeriZation. 

[0048] The open-ring polymeriZation can be carried out in 
the absence or presence of an organic solvent. Usable 
organic solvents include aromatic compounds and saturated 
hydrocarbon compounds. The organic solvent is used in an 
amount of 1 to 50 parts by Weight, preferably 2 to 10 parts 
by Weight, based on 1 part by Weight of polyester polyol. 

[0049] The (meth)acrylic ester group substituted to the 
polyester polyol is particularly represented by the general 
formula —OC(=O)RnOC(=O)CH=CH2 or 
—OC(=O)RnOC(=O)C(CH3)=CH2 or 
—OC(=O)RnCH=CH2 (n is an integer in the range of 1 to 
20). 
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[0050] Examples of the radical non reactive group include 
an aliphatic hydrocarbon group having 1 to 20 carbon atoms, 
an aromatic hydrocarbon group having 5 to 20 carbon atoms, 
an ether group having 1 to 20 carbon atoms or an ester group 
having 1 to 20 carbon atoms, preferably the radical non 
reactive group is represented by the general formula 
—OC(=O)R‘n, —OC(=O)RmOR‘n, 
—O(C=O)RmOC(=O)R‘n(Here, m and n are indepedently 
integers in the range 1 to 20, R is a (halogenated) alkylene 
group, (halogenated) arylene group, (halogenated) alky 
larylene group or (halogenated) aralkylene group, and R‘ is 
(halogenated) alkyl group, (halogenated) aryl group, (halo 
genated) alkylaryl group or (halogenated) aralkyl group. 

[0051] The molar ratio of the (meth)acrylic ester group to 
the group free of radical reactivity is preferably 110.01 to 
1:100, more preferably 1:0.5 to 1:3. 

[0052] The substituted polyester (meth)acrylic ester group 
or its polymer preferably has a Weight-average molecular 
Weight of about 300 to 100,000. 

[0053] The organic peroxide having 6 to 40 carbon atoms 
serves to initiate polymeriZation of polyester (meth)acrylic 
ester or its polymers and is divided into a polar (hydrophilic) 
part of —C(=O)—O—O—C(=O) and a non-polar (hydro 
phobic) part of an aliphatic or aromatic hydrocarbon group 
having 6 to 40 carbon atoms. Such peroxides serve as a 
surfactant betWeen an electrolytic solution and an anode, 
particularly a carbonaceous anode, thereby reducing resis 
tance therebetWeen to suppress decomposition of the elec 
trolytic solution at the anode surface. 

[0054] Also, unlike the case of using an aZobenZene 
initiator such as 2,2‘-aZoisobutyronitrile producing N2, 
Which is insoluble in an electrolytic solution, the peroxide 
having 6 to 40 carbon atoms of the present invention 
produces CO2 gas, Which is highly hydrophilic With respect 
to an electrolytic solution, thereby improving initial charg 
ing/discharging efficiency of a lithium battery. 

[0055] Examples of the peroxide having 6 to 40 carbon 
atoms of the present invention include at least one selected 
from the group consisting of isobutyl peroxide, lauroyl 
peroxide, benZoyl peroxide, m-toluoyl peroxide, t-butyl 
peroxy-2-ethylhexanoate, t-butylperoxybivalerate, t-buty 
loxyneodecanate, diisopropyl peroxy dicarbonate, diethoxy 
peroxy dicarbonate, bis(4-t-butylcyclohexyl) peroxydicar 
bonate, dimethoxy isopropyl peroxy dicarbonate, dicyclo 
hexylperoxy dicarbonate and 3,3,5-trimethylhexanoyl per 
oxide. The epoxide of the present invention is preferably 
lauroyl peroxide or benZoyl peroxide. 
[0056] The initial charging/discharging efficiency of a 
lithium battery is closely related With formation of a coating 
formed on an electrode, particularly on an anode. The shape 
of the coating is directly associated With various perfor 
mances of a battery. In a charged state after initial charging/ 
discharging cycles, the observation of an anode surface 
reveals that the anode surface of a battery With a good initial 
charging/discharging efficiency is uniform and a large 
amount of lithium is precipitated on the anode surface of a 
battery With a poor initial charging/discharging ef?ciency. 

[0057] In the case of using lauroyl peroxide as a polymer 
iZation initiator according to a preferred embodiment of the 
present invention, the reaction mechanism in Which a 
lithium carbonate coating (Li2CO3) is formed on an anode 
surface is given beloW. 
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[0058] As shoWn in the reaction formula 1, lauroyl per 
oxide is decomposed to produce carbon dioxide gas, by 
Which a lithium carbonate coating is formed on the anode 
surface. Formation of a lithium carbonate coating on the 
anode surface suppresses an electrolytic solution from being 
decomposed at the anode during initial charge. Thus, it is not 
necessary to perform a degassing step for removing the gas 
decomposing the electrolytic solution, the gas being gener 
ated after initial charge. 

Reaction Formula 1 

O 

M t% Energy 
0 — 0 

LiF + ZHF + POF3 

O 

1 \O O/ 

—> 
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[0059] A method for preparing a polymer electrolyte 
according to the present invention Will noW be described. 

[0060] A composition for forming a solid polymer elec 
trolyte of the present invention is obtained from polyester 
(meth)acrylate having a polyester polyol moiety having 
three or more hydroxide (—OH) groups, at least one hydrox 
ide group being substituted by a (meth)acrylic ester group 
and at least group one hydroxide group being substituted by 
a radical non-reactive group, an organic peroxide having 6 
to 40 carbon atoms, and an electrolytic solution including a 
lithium salt and an organic solvent. 

[0061] Subsequently, an electrode is impregnated or 
coated With the composition for a solid polymer electrolyte. 
In some cases, the resultant product is polymeriZed by heat 
treatment or UV radiation. The heat treatment temperature 
may vary depending on the polymeriZation initiator but is 
preferably in the range of 25 to 110° C., and more preferably 
60 to 85° C. If the temperature for thermal polymeriZation 
is less than the above range, a large amount of unreacted 
monomers may remain or the reaction time is prolonged, 
resulting in an increase in the manufacturing cost. If the 
temperature for thermal polymeriZation exceeds the above 
range, vigorous decomposition of the lithium salt may result. 

[0062] The obtained polymer electrolyte includes a poly 
ester (meth)acrylic ester or its polymer, an electrolytic 
solution and a polymeriZation initiator. 

[0063] In the composition for forming a polymer electro 
lyte, the organic peroxide having 6 to 40 carbon atoms as the 
polymeriZation initiator is preferably used in an amount of 
0.3 to 5 parts by Weight based on 100 parts by Weight of 
polyester (meth)acrylic ester. If the content of the polymer 
iZation initiator is less than 0.3 parts by Weight, polymer 
iZation reactivity becomes loW. If the content of the poly 
meriZation initiator exceeds 5 parts by Weight, the molecular 
Weight of the polymer is not so high that the mechanical 
property of the polymer electrolyte deteriorates. 

[0064] In the polymer electrolyte according to an aspect of 
the invention, the mixing ratio by Weight of polyester 
(meth)acrylic ester to the electrolytic solution, is betWeen 
1:2 and 1:50. If the ratio exceeds the above range, the ionic 
conductivity of the polymer electrolyte deteriorates. If the 
ratio is less than the above range, gelation is not properly 
performed. 

[0065] The electrolytic solution for forming the polymer 
electrolyte includes a lithium salt and an organic solvent. 
Here, examples of the organic solvent include a non-aqueous 
solvent selected from the group consisting of vinylene 
carbonate, propylene carbonate, ethylene carbonate, buty 
lenes carbonate, benZonitrile, acetonitrile, tetrahydrofuran, 
2-methyltetrahydrofuran, y-butyrolactone, dioxolane, 4-me 
thyldioxolane, N,N-dimethyl formamide, dimethylaceta 
mide, dimethyl sulfoxide, 1,2-dimethoxyethane, sulfolane, 
dichloroethane, chlorobenZene, nitrobenZene, dimethyl car 
bonate, methylethyl carbonate, diethyl carbonate, methyl 
propyl carbonate, methylisopropyl carbonate, ethylbutyl 
carbonate, dipropyl carbonate, diisopropyl carbonate, dibu 
tyl carbonate, diethylene glycol or dimethyl ether, or a 
mixture of tWo or more of these solvents. In particular, it is 
preferred that the organic solvent essentially includes one of 
propylene carbonate, ethylene carbonate and butylenes car 
bonate, and one of dimethyl carbonate, methylethyl carbon 
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ate and diethyl carbonate. The concentration of the electro 
lytic solution including a lithium salt and an organic solvent 
is in the range of 0.6 to 1.5 M. 

[0066] In the present invention, a ?orinated aromatic 
hydrocarbon compound may be further included as the 
organic solvent. In this case, the loW-temperature character 
istic can be advantageously improved. The ?orinated aro 
matic hydrocarbon compound is preferably added in an 
amount that the mixing ratio by Weight of ethylene carbon 
ate and the ?orinated aromatic hydrocarbon compound 
becomes 99:1 to 70:30. The ?orinated aromatic hydrocarbon 
compound is at least one selected from the group consisting 
of 2-?uorotoluene, 3-?uorotoluene, 4-?uorotoluene, 2-?uo 
robenZene, 3-?uorobenZene and 4-?uorobenZene. If the con 
tent of the ?orinated aromatic hydrocarbon compound 
exceeds the above range, the solubility of a lithium salt is 
loWered. If the content of the ?orinated aromatic hydrocar 
bon compound is less than the above range, the effect of 
improving loW-temperature characteristics is undesirably 
poor. 

[0067] The lithium salt of the present invention is at least 
one selected from the group consisting of LiPF6, LiBF4, 
LiSbF6, LiAsF6, LiClO4, LiCF3SO3, Li(CF3SO2)2N, 
LiC4F9SO3, LiAlO4, LiAlCl4, LiN(CxF2x+ 
1SO2)(CyF2y+1SO2) (x and y are independently a natural 
number), LiCl, and Lil. 

[0068] A method of manufacturing a lithium battery 
according to the present invention using the polymer elec 
trolyte Will noW be described. 

[0069] As shoWn in FIG. 1, a lithium battery according to 
an embodiment of the present invention includes a case 1 
containing a cathode 3, an anode 4, and a polymer electro 
lyte 2 interposed betWeen the cathode 3 and the anode 4. A 
separator (not shoWn) can be further disposed betWeen the 
polymer electrolyte 2 and the cathode 3 or betWeen the 
polymer electrolyte 2 and the anode 4. 

[0070] The lithium battery according to the present inven 
tion can be manufactured by tWo methods beloW. 

[0071] First, polyester (meth)acrylate having a polyester 
polyol moiety having three or more hydroxide (—OH) 
groups, at least one hydroxde group being substituted by a 
(meth)acrylic ester group and at least one hydroxide group 
being substituted by a radical non-reactive group, a peroxide 
having 6 to 40 carbon atoms, and an electrolytic solution 
including a lithium salt and an organic solvent, are mixed to 
obtain a composition for forming a polymer electrolyte. 

[0072] The peroxide having 6 to 40 carbon atoms is used 
as a polymeriZation initiator. In particular, lauroyl peroxide 
or benZoyl peroxide is preferably used. 

[0073] The composition for forming a polymer electrolyte 
is cast on a support substrate. Subsequently, the resultant is 
cured by heat or ultraviolet radiation to perform the poly 
meriZation reaction. Thereafter, the support substrate is 
subjected to stripping, thereby obtaining a ?lm-like polymer 
electrolyte. 

[0074] Separately, a cathode and an anode are fabricated in 
a method generally used for manufacture of a lithium 
battery. Here, a lithium composite oxide, a transition metal 
compound or a sulfur compound can be used as a cathode 
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active material, and a lithium metal, carbonaceous material 
or graphite can be used as an anode active material. 

[0075] Then, the polymer electrolyte is interposed 
betWeen the cathode and the anode to form an electrode 
assembly to then be accommodated in a battery case, fol 
loWed by sealing, thereby completing a lithium battery 
according to the present invention. 

[0076] During the manufacture of a lithium battery, a 
separator made from an insulating resin having a netWork 
structure can be further provided betWeen the cathode and 
the anode. 

[0077] The separator has a single-layered structure or a 
multi-layered structure of at least one selected from poly 
ethylene and polypropylene/polyethylene. Examples of the 
separator include a single-layered polypropylene separator, 
a double-layered polyethylene/polypropylene separator, a 
three-layered polyethylene/polypropylene/polyethylene 
separator or a three-layered polypropylene/polyethylene/ 
polypropylene separator. 

[0078] Another method of preparing a lithium battery 
according to another embodiment of the present invention 
Will be described. Like in the above-described preparation 
method, a composition used to form a polymer electrolyte is 
?rst prepared. Separately, a cathode and an anode are 
prepared, respectively, in the same manner as described 
above. Here, a lithium composite oxide, a transition metal 
compound or a sulfur compound can be used as a cathode 
active material, and a lithium metal, carbonaceous material 
or graphite can be used as an anode active material. 

[0079] Then, a separator made from an insulating resin 
having a netWork structure is interposed betWeen the cath 
ode and the anode, folloWed by Winding or stacking to form 
an electrode assembly to then be put into a battery case, 
thereby assembling a battery. 

[0080] Thereafter, the composition for forming a polymer 
electrolyte is injected into the battery case accommodating 
the electrode assembly, folloWed by selective heat treatment 
or UV radiation to perform polymeriZation, thereby com 
pleting a lithium battery according to the present invention 

[0081] In the above-described preparation method, the 
heat treatment is performed at a temperature in the range of 
25 to 110° C., preferably 60 to 85° C., to form a gel-type 
polymer electrolyte. 
[0082] The thickness of the polymer electrolyte is prefer 
ably in the range of 5 to 90 pm. The polymer electrolyte has 
good ionic conductivity Within this range of thickness. 

[0083] The present invention can be applied to both 
lithium primary batteries and lithium secondary batteries. 

[0084] The present invention Will noW be described 
through the folloWing examples. HoWever, the invention is 
understood not to be limited thereto. 

EXAMPLE 1 

[0085] To a mixture of 1 mol dipentaerythritol, 2 mol 
e-caprolactone and a toluene solvent Was added to 100 mg 
of a tetrapropyltitanate catalyst to be reacted at 50° C., 
thereby synthesiZing a monomer of a dipentaerythritol 
derivative having some terminal hydroxy groups substituted 
by pentylalcohol. 
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[0086] Then, 1 mol of the pentaerythritol derivative, 4 mol 
of acrylic acid and 2 mol of butylcarboxylic acid Were 
reacted to obtain a polyester hexaacrylate compound having 
tWo hydroxy groups present at the terminals of the pen 
taerythritol derivative substituted by 
—OC(=O)(CH2)5OC(=O)CH=CH2 and the remaining 
four hydroxy groups substituted by 

[0087] To 30 g of a mixed solvent of ethylene carbonate 
(EC) and diethyl carbonate (DEC) in the mixing ratio by 
Weight of 3:7, in Which 1.3 mol/L of LiPF6 Was dissolved, 
Were added 1 g of the polyester hexaacrylate compound and 
10 mg of lauroyl peroxide to obtain a composition for a 
polymer electrolyte. 

[0088] 50 g of N-methylpyrrolidone (NMP), 3 g of poly 
vinylidene?uoride (PVDF), 94 g of C-10 (Nippon Chemical 
Co.) and 3 g of super-P conductive carbon Were mixed to 
prepare a slurry. Then, an aluminum foil Was coated 
With the slurry to a thickness of 150 pm to prepare a cathode. 
90 g of meZocarbon ?ber (MCF, available from PETCOA, 
LTD.) and 10 g of PVDF Were mixed to produce a slurry. 
Then, a copper (Cu) foil Was coated With the slurry to a 
thickness of 170 pm to prepare an anode. 

[0089] A separator Was interposed betWeen the cathode 
and the anode and Wound to be put into a battery case. Next, 
the composition for forming a polymer electrolyte Was 
injected into the battery case in an appropriate amount, 
folloWed by heating at approximately 70° C. for 2 hours to 
perform thermal polymeriZation, thereby completing a 
lithium secondary battery. 

EXAMPLE 2 

[0090] A lithium secondary battery Was manufactured in 
the same manner as in Example 1, except for using benZoyl 
peroxide instead of lauroyl peroxide in preparing a polymer 
electrolyte. 

EXAMPLE 3 

[0091] A lithium secondary battery Was manufactured in 
the same manner as in Example 1, except for heating at 
approximately 70° C. for 2 hours being omitted in preparing 
a polymer electrolyte. 

[0092] Comparative Example 1 

[0093] A lithium secondary battery Was manufactured in 
the same manner as in Example 1, except for using 2,2‘ 
aZobisisobutylnitrile (AlBN) instead of lauryl peroxide in 
preparing a polymer electrolyte. 

[0094] Comparative Example 2 

[0095] A lithium secondary battery Was manufactured in 
the same manner as in Example 1, except for using poly 
ethyleneglycol diacrylate instead of the polyester hexaacry 
late compound in preparing a composition for forming a 
polymer electrolyte. 
[0096] Comparative Example 3 

[0097] 3 g of PVDF, 94 g of C-10 (available from Nippon 
Chemical Co.) and 3 g of Super P conductive carbon Were 
dissolved in 50 g of NMP to produce a slurry. Then, an 
aluminum foil Was coated With the slurry to a thickness 
of 150 pm to prepare a cathode. 90 g of meZocarbon ?ber 
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(MCF, available from PETCOA, LTD.) and 10 g of PVDF 
Were mixed to produce a slurry. Then, a copper (Cu) foil Was 
coated With the slurry to a thickness of 170 pm to prepare an 
anode. 

[0098] A separator Was interposed betWeen the cathode 
and the anode and Wound to be put into a battery case. Next, 
an electrolytic solution having a mixed solvent of EC and 
DEC in the mixing ratio by Weight of 3:7, in Which 1.3 
mol/L of LiPF6 Was dissolved, Was injected into the battery 
case, thereby completing a lithium secondary battery. 

[0099] The initial charging/discharging efficiency, rate 
dependent charge/discharge characteristics, loW-tempera 
ture characteristics and lifetime characteristics of the lithium 
secondary batteries manufactured in Examples 1-3 and 
Comparative Examples 1-3 Were evaluated, and the evalu 
ation results thereof are shoWn in Table 1. Here, the evalu 
ation Was carried out under the folloWing conditions. 

[0100] First, the condition of measuring the (02C dis 
charge/0.2C charge) capacity ratio of each battery corre 
sponds to the condition for the ?rst charging/discharging 
cycle after production of the battery, by Which a decompo 
sition tendency of an electrolytic solution and other impu 
rities in the battery, and a change in irreversible capacity due 
to the decomposition during initial charge can be identi?ed. 
The charge to discharge capacity ratio Was found When the 
conditions for the cycle test Were made as folloWs: charging 
Was performed at 0.2 C and 4.2 V cut-off, rest time of 30 
minutes Was alloWed at room temperature, and then dis 
charging Was performed at 0.2 C and 2.75 V cut-off. 

[0101] The condition of measuring the (02C discharge/ 
0.5C charge) capacity ratio of each battery corresponds to 
the condition for the second charging/discharging cycle after 
production of the battery, by Which a change in capacity 
ratio of the battery relative to the standard charge/discharge 
capacity can be identi?ed. The charge to discharge capacity 
ratio Was found When the conditions for the cycle test Were 
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made as folloWs: charging Was performed at 0.5 C and 4.2 
V cut-off, rest time of 30 minutes Was alloWed at room 
temperature, and then discharging Was performed at 0.2 C 
and 2.75 V cut-off. 

[0102] The condition of measuring the (20C discharge/ 
0.2C discharge) capacity ratio of each battery corresponds to 
the condition for the third charging/discharging cycle after 
production of the battery, by Which a change in capacity 
ratio of the battery relative to a high-rate discharge capacity 
can be identi?ed. The charge to discharge capacity ratio Was 
found When the conditions for the cycle test Were made as 
folloWs: charging Was performed at 0.5 C and 4.2 V cut-off, 
rest time of 30 minutes Was alloWed at room temperature, 
and then discharging Was performed at 0.2 C and 2.75 V 
cut-off and at 2.0 C and 2.75 V cut-off, respectively. 

[0103] The condition of measuring the (loW/high tempera 
ture) 0.2C discharge capacity ratio of each battery corre 
sponds to the condition for the fourth charging/discharging 
cycle after production of the battery, by Which a change in 
capacity of the battery relative to the loW-temperature dis 
charge capacity can be identi?ed. The charge to discharge 
capacity ratio Was found When the conditions for the cycle 
test Were made as folloWs: charging Was performed at 0.5 C 
and 4.2 V cut-off, rest time of 30 minutes Was alloWed at 
room temperature, discharging Was performed at 0.2 C and 
2.75 V cut-off at room temperature and at 0.2 C and 2.75 V 
cut-off at —20° C., respectively. 

[0104] The condition of measuring the (1/100 cycle) 0.2C 
discharge capacity ratio of each battery corresponds to the 
condition for cycles folloWing the 5th charging/discharging 
cycle after production of the battery, by Which a change in 
lifetime characteristic of the battery can be identi?ed. The 
discharge capacity ratio Was found When the conditions for 
the continuous 100 cycle test Were made as folloWs: charg 
ing Was performed at 1.0 C and 4.2 V cut-off, rest time of 30 
minutes Was alloWed at room temperature, discharging Was 
performed at 1.0 C and 2.75 V cut-off at room temperature. 

TABLE 1 

Example Example Example Comparative Comparative Comparative 
1 2 3 Example 1 Example 2 Example 3 

(0.2 C 0.93 0.93 0.89 0.85 0.93 0.90 

discharge/0.2 C 
charge) capacity 

ratio 

(0.2 1 00 1 00 1 00 1.00 1 00 0 93 

discharge/0.5 C 
charge) capacity 

ratio 

(2.0 0.98 0.98 0.98 0.95 0.98 0.90 

discharge/0.2 C 
discharge 

capacity ratio 
0.2 C discharge 0.85 0.84 0.85 0.90 0.84 0.75 

capacity ratio at 

lOW and high 

temperatures 
(1/100 cycle) 0 97 0 97 0 95 0.84 0 85 0 72 

discharge 
capacity ratio 
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[0105] As shown in Table 1, the lithium secondary battery 
prepared using AlBN as a polymerization initiator in pre 
paring a polymer electrolyte according to Comparative 
Example 1 has improved rate-dependent discharging char 
acteristic and loW-temperature discharging characteristic as 
compared to the lithium secondary batteries prepared using 
peroxides in preparing the polymer electrolytes according to 
Examples 1 and 2. HoWever, the other characteristics of the 
conventional lithium secondary battery, such as initial charg 
ing/discharging efficiency and lifetime characteristics, Were 
inferior to those of the present invention batteries. Also, the 
lifetime characteristic and loW-temperature discharging 
characteristic of the battery according to Comparative 
Example 2 Were inferior to those according to Examples 1-3. 
This is presumably because the polyester hexaacrylate com 
pound as a monomer for a polymer electrolyte having at 
least three acrylate functional groups as proposed in 
Examples 1-3 has smaller resistance to mobility of lithium 
ions occurring While the lithium ions are intercalated/ 
deintercalated to/from an electrode surface, leading to uni 
formity in electrode surface even after prolonged life cycles. 
In the case of the battery according to Comparative Example 
3 in Which a liquid electrolyte Was used, various battery 
performances Were poor due to the gas generated during 
initial charge. 

[0106] In vieW of the overall performance, although the 
battery system according to Example 3 is not superior to a 
polymeriZed battery system With heat treatment (Examples 
1-2), it is better than a battery system in Which a polymer 
iZable monomer and a polymeriZation initiator proposed in 
the present invention are not used (Comparative Examples 
1-3). This suggests that the battery performance can be 
improved just by adding the polymeriZable monomer or 
polymeriZation initiator proposed in the present invention. 

[0107] High-temperature storage characteristics of the 
lithium secondary batteries according to Examples 1-3 and 
Comparative Examples 1-3 Were investigated and the results 
thereof are shoWn in Table 2. The high- temperature storage 
characteristics Were evaluated as changes in thickness and 
open circuit voltage (OCV) before and after each battery 
Was stored at 90° C. for approximately 4 hours. 

TABLE 2 

Change in thickness mm Change in OCV V 

Before storage After storage Before storage After storage 
at high at high at high at high 

temperature temperature temperature temperature 

Example 1 3.62 3.66 4.18 4.15 
Example 2 3.62 3.69 4.18 4.15 
Example 3 3.62 3.89 4.18 4.16 
Compara- 3.62 3.88 4.18 4.14 
tive 
Example 1 
Compara- 3.62 3.65 4.18 4.15 
tive 
Example 2 
Compara- 3.62 4.51 4.18 4.16 
tive 
Example 3 

[0108] As shoWn in Table 2, in the cases of using lauroyl 
peroxide or benZoyl peroxide as a polymeriZation initiator 
(Examples 1-3), little sWelling occurred at high temperature 
and a big change in voltage Was not observed. 
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[0109] In Comparative Example 1 in Which AlBN Was 
used as a polymeriZation initiator, sWelling at high tempera 
ture Was suppressed to an extent, but the sWelling suppress 
ing effect Was loWer than the cases of Examples 1-3. 

[0110] FIG. 2 is a graph shoWing initial charge and 
discharge capacity in lithium secondary batteries according 
to Example 1 of the present invention and Comparative 
Example 1. Referring to FIG. 2, the lithium secondary 
battery according to Example 1 has better initial charging/ 
discharging efficiency than that according to Comparative 
Example 1. 

[0111] Next, anode surface states of the lithium secondary 
batteries according to Example 1 and Comparative Example 
1 Were evaluated in a charged state after initial charge and 
discharge cycles, and the results thereof shoWed that the 
anode surface of the lithium secondary battery according to 
Example 1 With a good initial charging/discharging effi 
ciency Was uniform While a large amount of lithium Was 
precipitated at various locations on the anode surface of the 
lithium secondary battery according to Comparative 
Example 1 With a poor initial charging/discharging effi 
ciency. From these results, it can be seen that the initial 
charging/discharging efficiency is closely related to forma 
tion of an anode surface coating. 

[0112] FIG. 3 shoWs changes in rate dependent discharge 
capacity in lithium secondary batteries according to 
Example 1 of the present invention and Comparative 
Example 1. 

[0113] Referring to FIG. 3, the lithium secondary battery 
according to Example 1 has good discharge characteristic 
and improved high-temperature storage characteristic com 
pared to the case of Comparative Example 1. 

[0114] According to the present invention, a lithium car 
bonate coating is formed on an anode surface due to carbon 
dioxide gas produced by decomposition of a polymeriZation 
initiator for forming a polymer electrolyte, that is, peroxide 
having 6 to 40 carbon atoms, so that the anode surface has 
good uniformity. As described above, decomposition of an 
electrolytic solution can be suppressed by forming a lithium 
carbonate coating on the anode surface, Which improves 
ionic conductivity of lithium, thereby obtaining a lithium 
battery having good charging/discharging characteristics, an 
improved sWelling suppressing effect and a loW-temperature 
characteristic. 

[0115] Although a feW preferred embodiments of the 
present invention have been shoWn and described, it Would 
be appreciated by those skilled in the art that changes may 
be made in these embodiments Without departing from the 
principles and spirit of the invention, the scope of Which is 
de?ned in the claims and their equivalents. 

What is claimed is: 

1. A polymer electrolyte comprising: 

polyester (meth)acrylate having a polyester polyol moiety 
having three or more hydroxide (—OH) groups, at least 
one hydroxde group being substituted by a (meth 
)acrylic ester group and at least one hydroxide group 
being substituted by a radical non-reactive group, or its 
polymer; 
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a peroxide having 6 to 40 carbon atoms; and 

an electrolytic solution including a lithium salt and an 
organic solvent. 

2. The polymer electrolyte according to claim 1, Wherein 
the radical non-reactive group is selected from the group 
consisting of an aliphatic hydrocarbon group having 1 to 20 
carbon atoms, an aromatic hydrocarbon group having 5 to 20 
carbon atoms, an ether group having 1 to 20 carbon atoms 
and an ester group having 1 to 20 carbon atoms. 

3. The polymer electrolyte according to claim 1, Wherein 
the (meth)acrylic ester group is represented by the general 
formula —OC(=O)RDOC(=O)CH=CH2 or 
—OC(=O)RHOC(=O)C(CH3)=CH2 or 
—OC(=O)RHCH=CH2 (n is an integer in the range of 1 to 
20) 

4. The polymer electrolyte according to claim 1, Wherein 
the radical non-reactive group is represented by the general 
formula —OC(=O)R‘n, —OC(=O)RmOR‘n, 
—O(C=O)RmOC(=O)R‘n, 

Wherein m and n are independently integers in the range 
1 to 20, R is a (halogenated) alkylene group, (haloge 
nated) arylene group, a (halogenated) alkylarylene 
group or (halogenated) aralkylene group, and R‘ is a 
(halogenated) alkyl group, (halogenated) aryl group, 
(halogenated) alkylaryl group or (halogenated) aralkyl 
group. 

5. The polymer electrolyte according to claim 1, Wherein 
the molar ratio of the (meth)acrylic ester group to the radical 
non-reactive group is 1:0.01 to 1:100. 

6. The polymer electrolyte according to claim 1, Wherein 
the peroxide is at least one selected from the group consist 
ing of isobutyl peroxide, lauroyl peroxide, benZoyl peroxide, 
m-toluoyl peroxide, t-butyl peroxy-2-ethylhexanoate, t-bu 
tylperoxybivalerate, t-butyloxyneodecanate, diisopropyl 
peroxy dicarbonate, diethoxy peroxy dicarbonate, bis(4-t 
butylcyclohexyl) peroxydicarbonate, dimethoxy isopropyl 
peroxy dicarbonate, dicyclohexylperoxy dicarbonate and 
3,3,5-trimethylhexanoyl peroxide. 

7. The polymer electrolyte according to claim 1, Wherein 
the content of the peroxide is about 0.3 to 5 parts by Weight, 
based on 100 parts by Weight of the polyester (meth)acrylate 
or its polymer. 

8. The polymer electrolyte according to claim 1, Wherein 
the polyester polyol is at least one selected from the group 
consisting of trialkylol selected from trimethylol, triethylol 
and tripropylol, glycerols, and erythritol selected from pen 
taerythritol and dipentaerythritol. 

9. The polymer electrolyte according to claim 1, Wherein 
a mixing ratio by Weight of the polyester (meth)acrylate or 
its polymer to the electrolytic solution is about 1:2 to 1:50. 

10. The polymer electrolyte according to claim 1, 
Wherein: 

the lithium salt is at least one selected from the group 

consisting of LiPF6, LiBF4, LiSbF6, LiAsF6, LiCl4, 
LiCF3SO3, Li(CF3SO2)2N, LiC4F9SO3, LiAlO4, 
LiAlCl4, LiN(CXF2X+1SO2)(CyF2y+1SO2) (x and y are 
independently a natural number), LiCl, and Lil. 

11. The polymer electrolyte according to claim 1, Wherein 
the organic solvent is at least one selected from the group 
consisting of ethylene carbonate, diethyl carbonate, y-buty 
rolactone, propylene carbonate, dimethyl carbonate, meth 
ylethyl carbonate, diethyl carbonate, vinylene carbonate, 
butylene carbonate, benZonitrile, acetonitrile, tetrahydrofu 
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ran, 2-methylhydrofuran, dioxolane, 4-methyidioxolane, 
N,N-dimethylformamide, dimethylacetamide, dimethyl sul 
foxide, 1,2-dimethoxy ethane, sulfolane, dichloroethane, 
chlorobenZene, nitrobenZene, methylpropyl carbonate, 
methylisopropyl carbonate, ethylbutyl carbonate, dipropyl 
carbonate, diisopropyl carbonate, dibutyl carbonate, dieth 
ylenegylcol, and dimethyl ether. 

12. The polymer electrolyte according to claim 11, 
Wherein the ?uorinated aromatic hydrocarbon is selected 
from the group consisting of 2-?uorotoluene, 3-?uorotolu 
ene, 4-?uorotoluene, 2-?uorobenZene, 3-?uorobenZene, 
4-?uorobenZene and a mixture including at least tWo of the 
foregoing. 

13. A method of preparing a polymer electrolyte com 
prising the operations of: 

mixing polyester (meth)acrylate having a polyester polyol 
moiety having three or more hydroxide (—OH) groups, 
at least one hydroxde group being substituted by a 
(meth)acrylic ester group and at least one hydroxide 
group being substituted by a radical non-reactive 
group, a peroxide having 6 to 40 carbon atoms, and an 
electrolytic solution including a lithium salt and an 
organic solvent, to form a solid polymer electrolyte 
composition; and 

coating the composition on a support substrate and strip 
ping a coating from the support substrate. 

14. The method according to claim 13, further comprising 
the operation of: 

subjecting the composition coated on the support sub 
strate to one of heat treatment and UV radiation. 

15. The method according to claim 14, Wherein the heat 
treatment is performed at a temperature from about 25 to 
about 110° C. 

16. Alithium battery comprising: a cathode; an anode; and 
a polymer electrolyte interposed betWeen the cathode and 
the anode and including a polyester (meth)acrylate having a 
polyester polyol moiety having three or more hydroxide 
(—OH) groups, at least one hydroxde group being substi 
tuted by a (meth)acrylic ester group and at least one hydrox 
ide group being substituted by a radical non-reactive group, 
or its polymer; 

a peroxide having 6 to 40 carbon atoms; and 

an electrolytic solution including a lithium salt and an 
organic solvent. 

17. The lithium battery according to claim 16, further 
comprising a separator betWeen the cathode and the anode. 

18. The lithium battery according to claim 17, Wherein the 
separator has a single-layered structure or a multilayered 
structure of at least one selected from polyethylene and 
polypropylene. 

19. A method for manufacturing a lithium battery, com 
prising the operations of: 

mixing polyester (meth)acrylate having a polyester polyol 
moiety having three or more hydroxide (—OH) groups, 
at least one hydroxde group being substituted by a 
(meth)acrylic ester group and at least one hydroxide 
group being substituted by a radical non-reactive 
group, a peroxide having 6 to 40 carbon atoms, and an 
electrolytic solution including a lithium salt and an 
organic solvent, to form a solid polymer electrolyte 
composition; 
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coating the composition on a support substrate and strip 
ping the composition from the support substrate, to 
form a polymer electrolyte; 

forming a cathode and an anode; 

injecting the polymer electrolyte betWeen the cathode and 
the anode to form an electrode assembly; and 

putting the electrode assembly into a battery case. 
20. The method according to claim 19, further comprising 

the operation of: 

subjecting the coated composition on the support sub 
strate to one of heat treatment and UV radiation. 

21. The method according to claim 20, Wherein the heat 
treatment is performed at a temperature from about 25 to 
about 110° C. 

22. A method for manufacturing a lithium battery, com 
prising the operations of: 

mixing polyester (meth)acrylate having a polyester polyol 
moiety having three or more hydroxide (—OH) groups, 
at least one hydroxde group being substituted by a 
(meth)acrylic ester group and at least one hydroxide 
group being substituted by a radical non-reactive 
group, a peroxide having 6 to 40 carbon atoms, and an 
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electrolytic solution including a lithium salt and an 
organic solvent, to form a solid polymer electrolyte 
composition; 

forming a cathode, an anode and a separator; 

interposing the separator betWeen the cathode and the 
anode to form an electrode assembly; 

putting the assembly into a battery case; and 

injecting the polymer electrolyte composition into the 
battery case. 

23. The method according to claim 22, further comprising 
the operation of subjecting the injected composition to one 
of heat treatment and UV radiation. 

24. The method according to claim 23, Wherein the heat 
treatment is performed at a temperature from about 25 to 
about 110° C. 

25. The lithium battery according to claim 16, further 
comprising a separator betWeen the cathode and the anode. 

26. The lithium battery according to claim 25, Wherein the 
separator has a single-layered structure or a multi-layered 
structure of at least one selected from polyethylene and 
polypropylene/polyethylene. 

* * * * * 


